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magnetic field, typically between 0.0Z and 7.0 Tesl a.

The cost of MRAM chip manufacturing is linked to the
2. Description of Related Art

[0002] Magnetic annealing is one of three processes
that are required to manufacture a Magneto Resistive
Random Access Memory (MRAM) chip on a standard
Complementary Metal Oxide Semiconductor (CMOS). To
successfully anneal an MRAM wafer, the ferromagnetic
layer must be held at a predetermined temperature in a
magnetic field for a period of time long enough for the
crystals to orient themselves in a common direction
upon cooling. The process, which is also referred to
as “soak” is carried out in an inert, reducing or
vacuum environment to prevent oxidation of wafers,
while they are held at the predetermined temperature.
Magnetic annealing tools generally operate batch-wise
and perform a number of steps. They include heating,
soaking and cooling steps which are carried out in a
magnetic field, typically between 0.02 and 7.0 Tesla.
The cost of MRAM chip manufacturing is linked to the

magnetic annealing tools, where the productivity



magneti c annealing tools, where the
producti vity(acceptabl e devi ces produced per hour) is
wao b@7pesaict of density (nunber of devices perP@EIS20D6/044380
t hroughput (wafers per hourd and yield (ratio of
accept abl e devices to total nunber of devices
processed) as dictated by the overall thermal /annea
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associ ated with the magnetic annealing process.
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heater which is arranged between a vacuum vessel and a
magnetic field generator. The electric heater is
arranged so as to surround the outer peripheral surface
of the vacuum vessel, and a fluid cooling section is
arranged between the electric heater and the magnetic
field generator.

[0004] U.S. Patent No. 6,741,804 B2 to Mack et al
concerns the processing of electronic device, and
methods for rapidly heating substrates. In particular,
this patent document discloses a cylindrical lamp array
structure surrounding a cylindrical process tube. The
lamps are positioned with respect to the cylindrical
process tube so that the sides of the lamps focus light
energy in the direction of the lengthwise central axis.
The substrates in the cylindrical process tube have a
lengthwise central axis. The substrates are oriented

within the cylindrical process tube so that the major



The substrates in the cylindrical process tube have a

| engt hwi se central axis. The substrates are oriented
wowaoniosrsthe cylindrical process tube so that tPEI/US2006/044380

maj or surfaces of the substrates are substantially

normal to the | engthw se central axis. [0005] U. S
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sQgi.ated with the related art systenms is that they
are not sufficiently flexible to control and vary the
Heatdelg andr.coolHangnt Application Publication No.

2004/0218913 Al to Melgaard is directed to an annealing
oven for magnetic and non-magnetic heat processing of
work pieces, and to heat transfer techniques. The oven
includes a shell into which a removable rack is placed.
The rack has at least one plate which may be heated or
cooled by a plate fluid conduit in contact with the
plate and through which a heating or cooling fluid can
be passed. The workpieces therein are primarily heated
and cooled by conductive and radiant heat transfer.
[0007] Some of the disadvantages associated with the
related art systems is that they are not sufficiently
flexible to control and vary the heating and cooling
steps independently and efficiently.

[0008] To overcome the disadvantages of the related
art, it is an object of the present invention to
shorten the thermal exchange cycle of the magnetic

anneal tool by efficient heating and rapid cooling of



steps independently and efficiently. [0008] To
overcone the di sadvantages of the related art, it is
w@mooohgmer of the present invention to shortenP@©S2006/044380
t hermal exchange cycle of t4e magnetic anneal tool by
efficient heating and rapid cooling ofthe process
chanber disposed in the magnetic anneal tool. [0009]
Ittheis anot her .obj ect f the Cgr.eset_[r}tl inventéon to 1
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p&sess paranmeters affecting the process chanber of
the magnetic anneal tool . [0010] It is a further
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invention will become apparent to one of ordinary skill
in the art on a review of the specification, the

drawings and claims appended hereto.

SUMMARY OF THE INVENTION

[0012] The foregoing objectives are met by the
system and process of the present invention. According
to a first aspect of the invention, a heat exchange
system for a magnetic annealing tool is provided. The
system includes:

(a) a process chamber to house workpieces to
be processed;

(b) an element chamber at least partially
surrounding the workpieces, the element chamber
including one or more electrical resistance heating
elements;

(c) means for drawing a vacuum in fluid

communication with the element chamber in order to



i ncluding one or nore electrical resistance heating
el ements; (c) neans for drawing a vacuumin fluid
W@ ooeiideat i on with the el ement chanber in or dB€T/US2006/044380
toapply a vacuumto the el ément chanber so as to
decrease gas conduction wthin the el enent chanber;
(d) one or nore gas sources in fluid conmunication
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predeterm ned period of tineg;
includes:

(a) loading the workpieces into a process
chamber of the magnetic annealing toolj;

(b) sealing the process chamber and
separately sealing an element chamber at least
partially surrounding the periphery of the process
chamber and optionally pulling a vacuum from one or
both chambers;

(c) energizing one or more arrays of
electrical resistance heating elements before, during
or following step (b) to rapidly heat the workpieces
from ambient temperature to the annealing temperature;

(d) maintaining the annealing temperature
for a predetermined period of time;

(e) raising the pressure in the element
chamber to a soft or rough vacuum upon the expiration
of the predetermined period of time in step (d) so as
to facilitate cooling of the workpieces by heat

transfer to the cooling fluid; and



(e) raising the pressure in the el enent chanber to a
soft or rough vacuum upon the expiration of the
w@e@desmi2ri ned period of tinme in step (d) so aBCT/US2006/044380
facilitate cooling of the workpieces by heat transfer
to the cooling fluid; and(f) re-pressurizing the
process chanmber and unl oadi ng the workpi eces fromthe
rocess ch er._ BRI.EF DESCRI PTI CF. THE DRAW NGS
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connection with the acconpanyi ng drawi ngs, in which
| i ke nuneral s denote sane features, and in which:
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[0017] Fig. 3 depicts the thermal/anneal process and

the process temperature and pressure profile in the
sequence; and

[0018] Figs. 4 A-C depict sixteen separate
thermal/anneal processes/recipes carried out with the

heat exchange system of the present invention.

DETAILED DESCRIPTION OF THE INVENTION AND
EXEMPLARY EMBODIMENTS
[0019] The magnetic annealing process is essentially

a thermal cycle carried out in a magnetic field. The
heating and cooling steps comprise about fifty percent
(50%) or more of the total cycle time. The present
invention provides a heat exchange system which reduces
the cycle time associated with both the heating and
cooling of workpieces ag it allows the flow,
temperature, pressure and composition of the gas
provided to the element chamber (described herein) to

be controlled separately from the conditions within



the cycle tine associated with both the heating and
cooling of workpieces as it allows the flow,

W@ 209pe6BIUr e, pressure and conposition of the PEBUS2006/044380
provided to the el ement chahber (described herein) to
be controlled separately fromthe conditions
mﬁthineither the process chanber or the cooling
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gj]rhgl c field. Wirk pieces may include, for
exan'p , sem conductor wafers used in the manufacture
olf0 AZRAM devid ices , renfed esrscaises] Fig & e, nramdactakehande
g%%Eg%(%or a magnetic anneal tool 100, is illustrated.
A process chamber 101 is disposed in anneal tool 100 to
receive and hold a number of workpieces 104 during the
thermal/anneal cycle. It will be understood by those
skilled in the art that the workpieces can be wafers,
MRAM chips, giant magneto resistance heads, hard disc
drives and any other devices which may be annealed in a
magnetic field. Work pieces may include, for example,
semiconductor wafers used in the manufacture of MRAM
devices, wafers used in the manufacture of Magnetic
Tunnel Junction devices, Giant Magneto Resistance (GMR)
sensors, magnetization of metallic objects at elevated
temperatures, degaussing of magnetic thin films, and
other objects that require annealing under the
influence of magnetic fields. The workpieces are held

on a rack or similar device. If the workpieces are

semiconductor wafers, they will preferably be placed at



Tunnel Junction devices, G ant Magneto Resi stance

(GWR) sensors, nmagnetization of nmetallic objects at
Web@vatBw t enper at ures, degaussi ng of magneti cPCTIUS2006/044380

films, and other objects tHat require anneal i ng under

the i nfluence of magnetic fields . The workpi eces are

held on a rack or simlar device. If the workpieces

are_sem.conduct ar fers, the i1l preferably be
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requisite vacuum.

[0021] At least partially surrounding process
chamber 101 is an element chamber 102 having a number
of heating assembly zones (106a-106c) therein, which
can be independently monitored and controlled. 1In a
particular embodiment, the element chamber 102 can be
sealed within the chamber walls 118a and 118b of
process chamber 101. Element chamber 102, although
sealed, is nonetheless fluidly connected to a means for
drawing a hard vacuum into the element chamber. The
means can include the ones described above with respect
to process chamber 101. Separately, a gas can be
introduced into the element chamber. On the outer
periphery of wall 118a cooling chamber/jacket 103 is

disposed to provide the removal of the heat from the



process chanber 101. El ement chanber 102, although
sealed, is nonetheless fluidly connected to a neans
wo en7déBdt ng a hard vacuuminto the el ement cheemE82006/044380
The neans can include the ohes described above with
respect to process chanber 101. Separately, a gas can
be introduced into the el enment chanber. On the outer
eri phery .of wall 118a coaqli,ng chanber /jacket 103 is
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heating steps carried out in the anneal cycl e/ process.
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chanber 102 is connected to a punp, such as a turbo
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reduce conduction from the heat elements to the inner
wall of the cooling chamber. The reduction in thermal
conductivity coincides with the pressure at which the
gas molecules begin to collide more frequently with the
various walls of the element chamber than with each
other. Although not wanting to be bound by any
particular theory, it is believed that as the pressure
is lowered, the interparticle collisions become less
frequent and the thermal conductivity is reduced. The
pressure at which a reduction in thermal conductivity
of the gas medium is observed is not a constant value,
rather it is a function of the mean free path of the
gas molecule relative to the average distance between
the various surfaces in the element chamber 102. The
mean free path of the molecule is temperature
dependant. An exemplary pressure level which is

suitable in the element chamber to reduce gas



is lowered, the interparticle collisions becone |ess
frequent and the thermal conductivity is reduced. The
w@e@3meme2 at whi ch a reduction in thermal condeCT/Us1006/044380
of the gas nmediumis observed is not a constant val ue,
rather it is a function of the nean free path of the
gas nol ecul e relative to the average di stance between
Jarl ous ur f aces t he elepent cha 2. The _,
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Preferably, the cooling gas is helium because of its
relatively high thermal conductivity and specific heat
capacity. The pressure, flow and composition of the
gas in the element chamber may each be varied
independently of the process chamber. The cooling rate
is independent of gas flow in a range of about 1-100
slpm, and a gas pressure of 1-1000 Torr. The
composition is varied by utilizing one or more gas
sources in fluid communication with the element
chamber, via a manifold to introduce said gases into
either the element chamber or the process chamber.
[0025] A suitable means for controlling the pressure
(vacuum level) in the element chamber and separately in
the process chamber is by way of upstream pressure
control using various gas flow (loads) or by way of
downstream pressure control using a throttle valve on

the vacuum foreline to vary the effective pumping speed



I's independent of gas flow in a range of about 1-100
slpm and a gas pressure of 1-1000 Torr. The

W@ o9po6idti on is varied by utilizing one or norECTHEHS2006/044380
sources in fluid comuni cattion with the el enent
chanber, via a manifold to introduce said gases into
ei ther the el enent chanber or the process chanber.
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or flow. The master PID controller adjusts the total
flow to achieve the desired pressure, while the mass
flow controller adjusts the flow of each individual gas
to obtain the desired mixture or to select between the
gas sources.

[0026] Hence, it is possible to supply a gas to the
element chamber 102 at a pressure corresponding to
rough or soft vacuum, while process chamber 101 is
maintained in a hard vacuum condition. Conversely, it
is possible to hold a hard vacuum in element chamber
102, while a gas such as helium is introduced into
process chamber 101 at a pressure corresponding to
rough or soft vacuum.

[0027] More particularly, process chamber 101 is
independently controlled from element chamber 102.

Process chamber 101 is connected to a vacuum pump, such



flow controller adjusts the flow of each individual
gas to obtain the desired m xture or to sel ect between
W b@7gers1s0ur ces . [ 0026] Hence, it is possi bl BCT/US2006/044380
supply a gas to the el enenti2chanber 102 at a pressure
correspondi ng to rough or soft vacuum while process
chanber 101 is maintained in a hard vacuum condi ti on.
nverse o hold a hard vacyumin
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t he el ement chanber or both the el enent chanber and

tHeEpee ess edraidrired ef eunmipgn leonductaonieode
(éffe:LC1eqy(gyl nvgnéljlqet}%)oelienngelgyaa%ar%ert hoer both the element -
chamber and the process chamber are running in
conduction mode (i.e., during the cooling phase of the
thermal/anneal cycle), and prevents the overheating of
magnet means 109 by maintaining the exterior
temperature below 35°C. The cooling fluid employed in
the cooling chamber includes, but is not limited to
water, a 50/50 solution of water and ethylene glycol,
or any fluid that provides the requisite cooling
temperature. In the event ethylene glycol is used, a
lower cooling temperature than 20°C can be obtained.
Forced air cooling could also be uged. 1In this case, a
separate insulating layer is required between the outer
wall of the cooling chamber and magnetic field
generator.

[0029] In another exemplary embodiment of the
invention, and with continued reference to Fig. 1,
process chamber 101 includes top heat shield 114 and

bottom heat- shield 115, above and below the workpiece



t hermal / anneal cycle) , and prevents the overheating
of magnet neans 109 by maintaining the exterior
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t he cooling chanber includds, but is not limted to
water, a 50/50 solution of water and ethyl ene glycol,
or any fluid that provi des the requisite cool i ng
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Kpieces in a primarily radial direction. Radial
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T
eflfane) %n&uhﬁﬂ&e&wmkyﬂddﬁl For example, when heat is
removed axially from the top and bottom of the stack
the cooling ig non-uniform since each workpiece is
separated by space filled with either a vacuum or gas.
These mediums provide a resigtance to heat flow from
the central workpiece relative to the top and bottom
workpieces such that the top workpiece cools at a
faster rate than the central workpiece.

[0030] Uniform heating of the workpieces, can be
accomplished by independently providing energy and
control of the various heater elements in the element
chamber. In a particular embodiment, the heater
elements are divided axially into three different zones
(106a-106c), wherein the center zone heater 106 (b) is
lined up with the workpiece stack. Two end zone
heaters 106 (a) and 106 (c) are provided above and below
the center heater, respectively, and are independently

controlled. In another configuration, the heaters can



al ong a single workpi ece. For exanple, when heat is
renoved axially fromthe top and bottom of the stack
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separated by space filled Witth either a vacuum or gas.
These nedi uns provide a resistance to heat flow from
the central workpiece relative to the top and bottom
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If%ek%%%t%&'elements, and the inner wall of the cooling
chamber while in conduction mode. Preferably, the
heater elements are selected from an array of
electrical resistance heaters sufficient to provide and
maintain an annealing temperature. As utilized herein,
annealing temperatures range from about 200-1000°C,
depending on the device manufactured. The heater
elements are wound so as to cancel out forces generated
by the strong magnetic field in which they are
disposed.

[0031] Process chamber 101, includes wall 118a which
separates the workpieces worked upon from element
chamber 102. The material employed for the chamber
wall can be any type of material suitable for use in a
semiconductor fab. Preferred materials are those with

either high emissivity, high thermal conductivity, or

low heat capacity, or a combination thereof.



amnnmm as this wll serve to mnimze the bore
necessary for the nmagnetic neans, and will maxim ze

W b@7oemsdct i ve heat transfer between the procBEEUS2006/044380
chanber, the heater elenentl§, and the inner wall of
the cooling chanber while in conduction node.
Preferably, the heater elenents are selected from an
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manuf acturing silicon wafers in a tenperature range of
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Gedrd1Zz Hemd redgw-ity, in addition to reducing the bore
of the magnet. Further, stainless steel can be welded
or sealed in other ways that are not possible with
guartz or silicon carbide.

[0032] Chamber wall 118a surrounds the workpieces
and forms a barrier between process chamber 101 and
element chamber 102. The chamber wall 118a can be in
the form of a quartz tube which is sealed at both ends
by means of a demountable gasket seals using O-rings at
the top and bottom of the chamber, thereby forming
separate process and element chambers. Additionally,
the quartz tube serves to prevent contamination of the
process chamber and facilitates ease of cleaning.
[0033] Heater elements 106 (a-c) can be supported in
any number of ways. For example, the element chamber
may be positioned between heat flux plates or can be
supported directly by the wall of the process chamber.

As defined herein, heat flux plates refers to plates



range of 88 to 95 percent. The chanber wall can al so

be a stainless steel material. Although stainless
wGar@elhetsas a | ower emissivity than quartz or sPET/US2IV06/044380

carbide, it can be made thilfiner thereby reducing its

total heat capacity, in addition to reducing the bore

of the nmagnet. Further, stainless st eel can be wel ded
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Wth reference to Fig. 2 , the el enent chanber
iofc | e sv el sfd e Cbil%tca@dlllgl (Ee armbqe:.@s (B)amipe. It
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ammmauﬂwd&&rdmeaifﬁlﬂd% Mtadesl or any other
materials that would impart the emissivity
characteristics necessary for the thermal cycle.

[0034] Heat flux plate 119(b) can further be
polished so as to provide a shiny and reflective
surface, facing the cooling chamber. On the other
hand, heater support 119(a) facing the process chamber
should not have a reflective surface, so as to promote
radiative heat exchange between itself and the wall of
the process chamber during the heating cycle.
Typically, heat flux plate 119(a) is a polished
stainless steel material having an emissivity in the
range of about 0.07-0.17, while 119(b) is a stainless
steel material having an emissivity ranging from about
0.3-0.6. The inner wall of the cooling chamber 103, is
preferably polished as well, to inhibit radiative heat
transfer between itself and the heat flux plate 119 (b)
during the heating step of the thermal cycle. The



119 (b) facing cooling chanber 103. Heat flux plate
119 (b) prevents the excessive heating of the cooling
wo b6tz cul ati ng t hrough cool i ng chanber 103PCTHI51006/044380
heat flux plate 119 (a) enhdnces uniform radi ant
heati ng of the workpieces di sposed in the process
chanber. It will be underst ood that the heat fl ux
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material having an em ssivity in the range of about
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that, for a given power input to the heaters, In a
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Icﬁamm&ﬂeaSHdwould be in contact with the inner wall of
cooling chamber 103. [0036] The heater supports, can
be modified in a number of ways to achieve the objects
of this invention. 1In one embodiment, the emissivity
of the inner facing heater support 119(a) is raised
relative to outside facing heater support 119(b). In
another embodiment, the inside surface 220 of cooling
chamber 103, can be polished to provide a lower
emissivity. Alternatively, in yet another embodiment a
sheet of polished stainless steel or the like, having a
cylindrical configuration can be disposed between the
heater support 119(b) and the inside surface 220 of
cooling chamber 103. In a further exemplary embodiment
multiple sheets of a reflective material such as
polished aluminum can be employed between the heater
support 119(b) and the inside surface 220 of cooling
chamber 103. Other exemplary embodiments are

envisioned where heat flux plate 119(a) is omitted, and



[0035] In a further enbodi nent, the heating el enents

are disposed in a free standing structure, which is
w@o®rmemsned to surround the process chanber 10BCT/US2006/044380

this instance, and with refl8&rence to Fig. 2 , the

heating el enents woul d be sealed in a stainless steel
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shield which is not conbined with the supports of the
Iehentt environment, and a hard vacuum in element
chamber 102 is drawn such that gas conduction mode of
heat transfer is reduced. Generally, the pressure in
the element chamber is at between 10 and 107? Torr.
The workpieces are held at a predetermined temperature,
while a magnetic field is applied via means 109. This
latter step is also referred to as a soaking step. A
flow of cooling fluid is introduced into the element
chamber, such that the absolute pressure is raised to a
soft vacuum. The flow of gas into element chamber 102
is initiated to achieve the desired cooling effect
(i.e., heat transfer from the workpieces, via the
element chamber to the cooling fluid). Cooling of
element chamber 102 in turn allows the workpieces to
attain a temperature low enough such that they can be
removed. Some of the process conditions associated

with the magnetic tool call for heating at 300°C for



chanber 102; the heat flux plate 119 (b) can consi st

of multilayer insulation; and inner polished surface
w@boocoaidsing chanber 103 is replaced with heat PECTIKS2006/044380

plate 119 (b) . [0037] ThelPnvention is also directed

to nethods for magnetic and non-nmagnetic anneal i ng of

wor kpi eces. An exenpl ary enbodi nent of the process of
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Wor kpi eces 110 are placed onto a rack in process
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e eyehaabet 19avesiy inner wall of cooling chamber
103 becomes significant. Hence, the rate of energy
transfer from the workpieces through process chamber
wall 118a to the fluid in the cooling chamber 103 is
high. 1In this manner the heat transfer to cooling
chamber 103 is minimized during heating but maximized
during cooldown.

[0039] In another exemplary embodiment, which
minimizes the thermal cycle, and with reference to Fig.
3, a number of wafers 104 are removed from wafers
cassettes via a robotic arm and placed in process
chamber 101. The process chamber 101 and element
chamber 102 are sealed, and the atmosphere therein is
pumped down (i.e., a vacuum is drawn). The process
chamber can be pumped to a hard vacuum ranging from

about 1077 to about 107? Torr, a rough vacuum of about

107 to 10 Torr or a soft vacuum from about 10 Torr to



m nutes . [0038] During the heating step, elenent

chanber 102 perfornms as a "vacuuminsulator” . This
wheav/oetsiel di ng effect is pronoted by provi di NBCHUN®AE/044380

flux plate 119 (a) having &0higher em ssivity than

heat flux plate 119 (b) facing the cooling chanber

103. In the cooling phase/step, the pressure in

e t chamber_ 102 is raised by introducing .a flow of
e S T o T e ST TS S T e botur 6
REX

iR sl ddng effect is |ost, because the gas
thermal conductivity is raised such that convective

P ABnductihanedatchardmst er0hetseuimree tanervagiym
é%eg_?%vpl;looﬁ °f§§§ &Hénga%f%?%%a f'k_)'egé ropel b of Co%'ti%g

er 103 becones SrI gni nce, therate o

enersgyudda ansflebd riom tdieouwsi kjfiecefad haudhc pracess
chanber wall 118a to the fluid in the cqoling chanber

L2 %i%h. TR IE Handdre t1f Heate%s 4Rt tippidly
el Ngnshamb el k3 48, 8 nidnaed durdng heatdng but
maxi m zed during cool down. [0039] In another exenplary
drepaiiradivne whi dheariarinay ext tiws tteamme lgeters ank (a) -
wigh seference to Fig. 3, a number of wafers 104 are
renn@gd fromwafers cassettes via a robotic arm and
plceicad i n pradeess chander thidn sdukdat dee ssa Ditaadheind Glhe
and el.enent chanber 102 are seal ed, and the atnD%Phere
REISSIn SERSHATF Uovh X L39S £5R%E RRAYS v 200He

pacesHLhamer Gandie pPuiRed o8 hagthy acuum s angiang,
from about 10~7 to about 10"2 Torr, a rough vacuum of

dsowonigedach theTaraweyr o dofe hesthams fromebownd the
E&%&gﬁ%@“&ﬁn¥ﬂé‘élgﬁgﬂgm%ﬁg%gg¥if§§“§§‘¥g¥g§5f6§ the
flowing gas therethrough. Process chamber 101, on the
other hand, may be held at vacuum, in an inert or
reducing atmosphere, or purged with a flow of inert or
reducing gas, depending on the specific nature of the
anneal process. The wafers are then cooled to a
temperature low enough to be removed from the process
chamber. On attaining this temperature, the process
chamber is re-pressurized and the wafers are removed.
[0042] The various processes of the present
invention will be further described in detail with

reference to the following examples, which are,

however, not to be construed as limiting the invention.

EXAMPLES
[0043] The particular processes described herein

involve utilization of the system of the present



wor kpi ece processed. [0040] El enment chanber 103 is

punped to a vacuum bel ow 10"1 Torr and preferably
whedoomsB02 2 Torr. This pressure will be | ow enpCmyiS10h&044380

gas conduction is decreasedl Thereafter, the wafers

are heated rapidly fromanbient tenperature to the

desired anneal tenperature by the array of resistance

heat ers, 106 (.a) -, 106(c) . [0041 fers 104 are then
G el s 4 era'lnr%%@%%ﬁ%ﬂe?%t eSin 2P0
rANge fin ahamsixlr-d onbPBHL frfranesd ogh ofhd qyaht s s
two hours . Once the soak step is conpleted, the power
i aRethedt 1y istadr irandq ek stirel ¢ Prdreess enegfRr

ham 02, ' l ow r r h, .
roce g{sc %’h gtr%ioez rﬂ%ot.‘sllsggo %YI%C; esoo\égt}ﬂlglrgg %%n%g rrrg%‘/)b b&g Qﬁaﬁ%ll ed
atutvacuwmhdand aredwunent witireedilod rtgocalimpﬂeép%, oﬁay(;l be
purged with a flow of inert or reducing gas, depending
Gt e st A e GO Aol Beass e

W BINS; ~aY gazt%w@od £d 10 ARIPa AtrlLr) oW enaughid@ing
be renoved fromthe process chanber. On attaining this
tashpaYedtturay; naTIpint edenardies - | sThe-preessis i zed and

t f.er ved.. [ 0042]. . The various_ processes
o#l’qﬁ%%r%sgﬁat% nvgnefl olnrigo/\ﬁ hee faur%x? %l?lrg%scri bed in
detadid/ prddegef ermmgeedaadtees fiol |t0vd Nor & | @ssmivdat ch

are, however, not to be construed as limting the
RS TP BUVPIES 045] S T 7 E T b deange

s bk el duinvel Ve Utig T 2aon 0f 1 syisters of
h

the presentinvention, erein an inert or reducing

(Gonslit igarroxieizi ng)é Gihmspher &hmywdsgn reod ueed o
%ﬂﬁxﬁﬁg§§§%rlan.inert atmosphere, a reducing
atmosphere, or a vacuum. The gases employed can be
hydrogen, helium, nitrogen, argon or any mixtures
therefrom. The gases include in the cooling step
(i.e., introduced intoc the element chamber) include
compressed gases and mixtures thereof.

[0044] With reference to Fig. 4, fifteen process
cycles/recipes are depicted. 1In all the processes, the
wafers are loaded into the process chamber, and sealed
therein. As shown in Fig. 4A, five process cycles are
shown. A hard vacuum is pulled on the process chamber
during the heating and socaking steps, and a soft vacuum
or positive pressure is introduced during the cooling
step. On the other hand, the element chamber is
independently controlled, following a predetermined
period of time, which is dependent on the workpiece
annealed, a helium gas is utilized to raise the
pressure in the element chamber from hard vacuum to

soft vacuum, rough vacuum, or positive pressure, and



chanber at any stage in the anneal cycle/process . For

i nstance, the heating and soaki ng steps may be carri ed
wo@io7/067382 har d vacuum while the cooling stepsPCTHF2006044380

carried out in a soft vacudm a rough vacuumor a

positive pressure (i.e., above 760 Torr) by

introduci ng an i nert or reducing atnosphere. The

roce nd| s var endi n t he neall

USR] rocaecsls arll.e?‘rp]ré‘ar‘-’ztt dﬁ’]ga?? ? H&® DY oes %h"é’\‘?l’g%JFS and
rtarmgaccidlolrﬁg?,oﬂﬁm 1006p&n , ré@nted her priessiHe. WAl 1ange
froma hard vacuum (e.g., 10 7 Torr) to atrmspherlc

i@ iGRE (E9. he]memm‘@)maym iwrkpieced tah pelor

q,f}'fgi'i ! C

pt{Csr)msp géri)ed]&or?épaé v cuu eh%gege%gae]%p % é%’g% an be =S
hiadr o:gmmngweihmmoakim@mp ar gb)n D ey deM@sStep

t herefrom The ses H}i ude in the cooling step

(GOTEENGGS i St P D THefrber) i ncl ude

covarsassed wgase s diod W@%‘i@er@@f a [10944] vl bl is
reference to Fig. 4 , fifteen process cycles/recipes

& lgshiiat ddie mmqf@sq @WS@Q@USWW@% @re of
'&?edq%éﬂt&gfges PN AN SRl LD DPLR] M A

s shown in |ve pr cess cyc es are SH
har&tcmhmﬁnmrstcmﬁheoblnmdﬂte Praogess dhairer ( al)urpzngor to

0 AR S T e G ettt CoBITREES
Step dLerighQ;Hg heyahand asﬂéf'tﬁl el®Me eharhes: 4:% step

i ndependently controlled | ow ng a predeterm ned

CENTISANCSTS it amsl Wi igle itdalameridert ©ren he wor kpi ece
et e W sk LA L ae i o
positive pressure gas is introduced into the process
chamber, and separately a hard vacuum is pulled in the
element chamber. Thereafter, and as shown in Fig. 4C a
soft vacuum or positive pressure helium is introduced
into the element chamber during (a) prior to the
soaking step; (b) as the soaking step commences; (c)
during the soaking step; (d) as the cooling step
commences; and during the cooling step.

[0047] Upon completion of any one of the
aforementioned processes, the process chamber is re-
pressurized and the wafers are unloaded.

[0048] Through the implementation of the above-
described processes in the system of the present
invention the overall cycle is reduced by 10 to 30
percent.

[0049] While the invention has been described in
detail with reference to specific embodiments thereof,

it will be apparent to one skilled in the art that



soft vacuum rough vacuum or positive pressure,
andt hereby facilitate heat transfer between the wafers
w@ea7obm1zool i ng fluid. Upon review of the Fi gPCHBS2006/044380
is noted that the helium g&8% may be introduced (a)
prior to the soaking step,- (b) as the soaking step
comences; (c) during the soaking step; (d) as the
cooling step comences; d during the cooli st ep.
O T B BHE G b T G HEIS SR o Vet 88
il BehidhdN e RGRSS, Ghadialit tdeeahiowy eash one Sfope
the five cycles. In these process cycles, heliumis
it rieducEPefies thiedelenent chanber during (a) prior
to the soaking step; (b) as the soaking step
commences; (c) during the soaking step; (d) as the
cooling step commences; and during the cooling step.
[0046] In a third process cycle, a soft vacuum or
positive pressure gas is introduced into the process
chanber, and separately a hard vacuumis pulled in the
el ement chanber. Thereafter, and as shown in Fig. 4C a
soft vacuum or positive pressure heliumis introduced
into the el enent chanber during (a) prior to the
soaking step; (b) as the soaking step commences; (c)
during the soaking step; (d) a s the cooling step
commences; and during the cooling step. [0047] Upon
conpl eti on of any one of the aforenentioned processes,
the process chanber is repressurized and the wafers
are unl oaded. [0048] Through the inplenentation o f
the above - described processes in the system of the
present invention the overall cycle is reduced by 10
to 30 percent



[0049] While the invention has been described in
detail with reference to specific enbodi nents thereof,

WO 2ooriob131hbe apparent to one skilled in the artPCT/US2006/044380
t hat vari ous changes and nod#ficati ons can be nmade, and
equi val ents enpl oyed, w thout departing fromthe scope
of the appended clains .We claim 1 . A heat exchange

t ﬂ;{&[ a magnetic annealing tool conprising: (a) a
process chanber to house workpi eces to be processed;

b | enent chanber at |east partijall oundi n
ne wohkpi CRate<t RE R UaEnt S EReBer oF ntl TEPHGEGhe o

i€l Bey risal coahsianeg: heating elements ; (c)
means for drawing a vacuumin fluid conmmunication wth
the el Efenta CPram®R?s | phurlder @ hppPy wWovkRLBARE otehee

Qanber so as to decrease gas conduction
%?ﬁ?&sié el enent chanber; (d) one or nore gas

sour cefb) n 4t uk Decanmurhaabéonaw 1dashepetehebl y
chanber means to.introduce said gas jnto the

nd .
eﬁ?ﬁﬁﬁln€%%%b S EPTERTRARR gHLS cOTHREF ofRAF PR  n t he

ef BB i g aFRer o (Rdrd @P@&ﬂ:ﬁi}cé}i‘aﬂé@isgéﬁé’é’sﬁgatﬁ%$t
| east partially surround the el enment chanber; and (T)

H%?/ generating a magnetic field disposed on the

outer peyi BIELYe Ofof he- G0l g GhAhET 1o 2c1, The heat

exchange system of claim er conprising: at
| @asturoines teamn sw O h coind rel dimagt t dleadbét et endrdas to

R 2 B S Oh 0 Bt ey B S i docrease
gas conduction within the element chamber;

(d) one or more gas gourceg in fluid
communication with the element chamber and a means to
introduce said gas into the element chamber to increase
gas conduction within the element chamber;

(e) a cooling chamber disposed to at least
partially surround the element chamber; and

(£) means for generating a magnetic field

disposed on the outer periphery of the cooling chamber.

2. The heat exchange system of claim 1, further
comprising: at least one means of controlling the
different gas flows, gas mixes and gas pressures in
fluid communication with the element chamber in order
to switch between the promotion of radiation heating

and conductive cooling in the workpieces.

3. The heat exchange system of claim 1, further

comprising: at least one means of controlling the



to swtch between the pronotion of radiation heating

and conductive cooling in the workpieces. 3 . The heat
wexohaege2 system of claim 1l , further conpri siPQr/Usi006/044380

| east one neans of control 2hng thedifferent gas fl ows,

gas m xes and gas pressures in fluid communi cation

Wi th the process chanber. 4 . The heat exchange system

. ' t her com risin ans for draw ng. a
oélf?e%_lerﬂt fg?aé #’ mixe W%r}r&t%aes p{%ressurecshg%er

lows
vacuumi n conmmu Catl on ocess

| 71 wairdl efordn@uraip i cth Waitdhim e sied ¢k 9 agegsehanber. 5
The heat exchange systemof claim4 , wherein the
nmeans for drawing a vacuumin the el ement chanber and

means f or dRAWING, @ MAGHIBd rgﬁteenpr&geéjlsaﬁ#aim%ﬂﬁer

same . 6 . The heat exchange system o
fasmphers icgnpriesing: far gasvsiowy e varduith fluid

orrnn’runl c%ttl .on v‘\/lvtg1 HT process chanher and %Eants t

i FHPBHHEE ST T D FHETHC Hamgerots T t©
IaH18aSe VBRSO NI oD gheFaid. chambdiPe heat exchange
systemof claim6 , wherein the gas to be introduced

into the process chanber is same as the gas to be

i ntroduced 4y, tthe elemnl, ¢h em &F ¢ aghl &n Bl herein

exchange systemof claim1I erein the ement
dﬁzm‘m@rarai fwastirapantg a |\§B-CSll[TM aundshée hel gueate sshamber

The heat exchange s m of claim
R RS R SER) i e ol b o o) shiber
fadestehe@at flux plate is di sposed between the process
chanber and the el ectrical resistance heating
el enents, and thesecond heat flux plate is disposed

betme%ﬂ th%&&?%ééggexchange system of claim 4, further
comprising: a gas source in fluid communication with
the process chamber and a means to introduce said gas
into the process chamber to increase gas conduction

therein.

7. The heat exchange system of claim 6, wherein
the gas to be introduced into the process chamber is
same as the gas to be introduced in the element

chamber.

8. The heat exchange system of claim 1, wherein
the element chamber at least partially surrounds the

process chamber.

S. The heat exchange system of claim 8, further
comprising two heat flux plates, wherein a first heat
flux plate is disposed between the process chamber and

the electrical resistance heating elements, and the



chanber and the el ectrical resistance heating el ements
. 10. The heat exchange systemof claim9 , wherein

wo b@70613%1 heat flux plate has a hi gher em ssiRCT/YS1006044380
the second heat flux plate26

second heat flux plate is disposed between the cooling

chamber and the electrical resistance heating elements.

10. The heat exchange system of claim 9, wherein
the first heat flux plate has a higher emissivity than
the second heat flux plate.



